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(57) Abstract 

A flow-through particulate incineration sys- 
tem is coupled to an aerodynamically regenerated 
diesel engine exhaust gas particulate (soot, condensed 
porynuclear aromatic and aliphatic hydrocarbons and 
ash) trap (418). An incineration chamber (430) is 
provided downstream of the particulates dislodged 
from the particulate trap (418) during regeneration 
thereof by a pulse of compressed air. During regen- 
eration, a valve (434) between the particulate trap 
(418) and the incineration chamber (430) opens to 
allow the air and entrained particles to pass into die 
incineration chamber (430) to allow passage of the 
regeneration air therethrough, but prevent passage of 
the particulates, whereby the particulates are retained 
in the incineration chamber (430). A heater (464) in 
the incineration chamber is periodically activated to 
bum the particulates collected in the trap. The oxi- 
dation products may be exhausted to ambient or may 
be returned to the engine intake (472) in an exhaust 
gas recirculation system. 

410- 




ENGINE 
•EXHAUST 
INLET 



DISC VALVE 



SECONDARY 
CLOTH FUER 



REGENERATION 
AIR OUTLET 



FOR THE PURPOSES OF INFORMATION ONLY 



£!TJS?£ £?* SttUS P^' 0 ** 1 ^ on .he from pages of pamphlets publishmg intemationaj 



applications under the PCT. 



AT 

AU 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

ci 

CM 
CN 

cs 
cz 

DE 

DK 

ES 

FI 

FR 

CA 



Austria 
Australia 
Barbados 
Belgium - 
Burkina Faso 
Bulgaria 
Benin 
Brazil 
Belarus 
- Canada 
Central African Republic 
Congo 
Switzerland 
Cote dlvoire 
Cameroon 
China 

Czechoslovakia 

Czech Republic 

Germany 

Denmark 

Spain 

Finland 

France 



GB 
GE 
GN 
GR 
HU 
IE 

rr 

jp 

KE 
KG 
KP 

KR 
KZ 
U 
LK 
LU 
LV 
MC 
MD 
MG 
ML 
MN 



United Kingdom 

Georgia 

Guinea 

Greece 

Hungary 

Ireland 

Italy 

Japan 

Kenya 

Kyrgystan 

Democratic People's Republic 
of Korea . 
Republic of Korea 
Kazakhstan 



Sri Lanka 

Luxembourg 

Latvia 



Republic of Moldova 

Madagascar 

Mali 

Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland . 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 
SN 


Slovakia 


TD 


Senega) 
Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United Slates of America 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 95/23280 



PCT/US94/06676 



- 1 



A FLOW-THROUGH PARTICULATE INCINERATION SYSTEM 

COUPLED TO AN AERODYNAMIC ALLY REGENERATED 
PARTICULATE TRAP FOR DIESEL ENGINE EXHAUST GAS 



RELATED APPLICATION 
This application is a continuation-in-part of U.S. 
10 Patent Application Serial No. 08/078,972, filed on June 17/ 

1993, which is a continuation-in-part of U.S. Patent 
No. 5,253,476, the disclosures of both of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 
15 This invention is related to the field of controlling 

emissions of diesel exhaust gas, and more particularly, to 
the incineration of diesel particulates trapped by air pulse 
regenerated diesel particulate filtration systems. 

BACKGROUND OF THE INVENTION 

20 The pollution produced by the exhaust from internal 

combustion engines is increasingly of concern. These 
pollutants include hydrocarbon, carbon monoxide (CO), 
nitrogen oxide (NOJ , and particulate emissions. The type 
and amount of emissions depend, among other things, on the 

25 type of engine and fuel system and on operating conditions. 

For example, diesel engines produce relatively low amounts 
of CO, but produce significant amounts of particulate matter 
in the form of soot, that is comprised of carbon, ash, that 
is comprised of inorganics, and polynuclear aromatic and 

30 aliphatic hydrocarbons (PAHs) , that are condensed about the 

carbon nuclei of the spot, 1994 U.S. particulate emissions 
standards require that diesel engines emit particulates of 
no more than 0.1 g/BHP/hr. NO x emissions are also a 
significant problem for diesel engines. 

35 Porous ceramic and other filters have been used to 

capture unwanted particulate matter in the form of soot, ash, 
and PAHs condensed about the carbon nuclei of the soot, which 
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are entrained in the emission stream of diesel engines. The 
soot is "sticky" and adheres quite readily to the walls 
defining the pores of the ceramic and other filters. 
However, after prolonged filtration, the soot so accumulates 
5 in the filters as to obstruct the pores. An obstructed 

filter induces a back pressure in the exhaust line which can 
affect engine operation and reduce the effective throughput 
of the filters, necessitating the cleaning or replacement of 
the filters. 

10 Thermal regeneration to remove the accumulated soot from 

the filters is known, such as by embedding resistive 
filaments in the ceramic matrix that oxidize the accumulated 
soot when energized. However, because hot spots tend to be 
formed thereby that cause thermal failures in the ceramic, 

15 not only is care required to prevent degradation of the 

filter matrix in the locale of the hot spots, but also 
degraded filters must be periodically monitored to ensure 
that they comply with the clean air emission standards. Fine 
ceramic particles can also be eroded and travel downstream, 

20 where they can cause damage to the exhaust system piping or 

to the engine. Further, the PAHs entrained in the diesel 
exhaust condense at and around 200 to 400°C. Filters which 
employ thermal regeneration techniques are generally located 
at the diesel exhaust manifold close to the engine and 

25 typically operate at temperatures well above the boiling 

point of the PAHs, which makes them generally unsuited to 
unburned PAH emission control or use in a recirculation line. 
Moreover, thermally regenerated filters are prone to failure 
by melting and cracking of the ceramic matrix during the 

30 high-temperature regeneration periods. 

An alternative to thermal regeneration of the soot 
filters is aerodynamic regeneration using pulses of 
compressed air flowing through the trap in a direction 
opposite to the exhaust. In the aerodynamical ly regenerated 

35 traps, the filter encounters relatively low temperatures, in 

the range of 200°C to 300°C, since these traps can be placed 
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at any location in the exhaust pipe, even fair from the 
engine. Moreover, the intermittent pulsing of the 
regieneration compressed air further cools the filter. An 
example of an aerodynamically regenerated trap is shown in 
5 U.S. Patent No. 4,875,335, entitled "Apparatus and Method for 

Treating an Exhaust Gas From a Diesel Engine." In U. S. 
Patent No. 5,013,340, entitled "Rotating Diesel Particulate 
Trap", incorporated herein by reference, particulates are 
continuously removed by rotating a particulate trap such 

10 that, while one sector thereof is exposed to diesel exhaust 

flowing in one direction, another sector thereof is exposed 
to a counter flowing stream of high-velocity (high-mass) air 
provided either by a fan or a compressed air tank. 

Early aerodynamically regenerated traps channeled the 

15 regeneration air to baghouses, where the soot was retained 

in fiber bags. The bags were cleaned or replaced as needed. 
The traps functioned effectively in this configuration, since 
the large filtration area of the fiber bags offered minimal 
resistance or back pressure to the flow of the regeneration 

20 air through the ceramic filter. However, periodically, the 

bags must be collected and removed, creating a disposal 
problem. Thus, particulate trap systems were developed 
incorporating incinerator sections which burned the 
particulates in a separate chamber, away from the ceramic 

25 filter. By burning the particulates away from the ceramic 

filter, the filter does not experience elevated temperatures 
and thermal failures are avoided. 

A known incineration system uses a dead-flow cylinder 
positioned directly below the ceramic filter. A heating 

30 element is located at the bottom of the cylinder. If the 

volume of the dead-flow cylinder is sufficiently large, the 
momentum of the regeneration air is dissipated in the 
cylinder and the soot eventually settles on the heater. If 
the volume of the dead-flow cylinder is small, however, the 

35 effectiveness of this system is reduced. The performance of 

this system is satisfactory if regeneration is performed off 
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line, i.e., while the engine is stopped and no exhaust is 
flowing through the filter. If regeneration occurs on-line, 
the cleaning effectiveness of the filter deteriorates with 
time, probably caused by the re-entrainment of soot in the 
engine exhaust stream and re-entry into the ceramic filter. 
Blocking the exit of the incineration chamber with a fibrous 
filter has not been found to improve this system, since the 
filter creates large back pressures, impedes the flow of the 
regeneration air, and quickly becomes plugged. 

Exhaust gas recirculation (EGR) is another known 
pollution control technique which has been successfully used 
to reduce NO, emissions in the exhaust stream from a diesel 
engine. With EGR, a portion of the exhaust is recirculated 
back into the engine. The exhaust gas replaces a portion of 
the combustion air in the engine, resulting in less oxygen 
available to enter into the reactions, and lowers the 
temperature at which combustion occurs. A lower 
concentration of NO x emissions in the exhaust gas stream 
results. 

20 SUMMARY OF THE INVENTION 

The present invention discloses a particulate 
incineration system coupled to an aerodynamically regenerated 
diesel engine exhaust gas particulate (soot, condensed 
polynuciear aromatic and aliphatic hydrocarbons, and ash) 

25 control system which overcomes the shortcomings of prior art 

particulate incineration systems. 

According to the invention, a primary diesel soot, ash, 
and PAH trap is mounted in a trap housing in the flow path 
of exhaust from a diesel engine. The trap is periodically 

30 regenerated by at least one pulse of compressed air to 

dislodge particles of soot, ash, and PAHs captured therein. 
An incineration chamber is provided downstream of the 
dislodged particulates such that the particulates can be 
directed into the incineration chamber. A valve or other 

35 closure device isolates the incineration chamber from the 
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filter housing at all tiroes except during regeneration of the 
trap. During regeneration, the pulse of compressed air with 
the entrained particulates passes through the valve into the 
incineration chamber. 
5 A secondary filter is mounted within the incineration 

chamber to allow passage of the regeneration air 
therethrough , but prevent passage of the particulates to 
retain them in the incineration chamber. To retain the 
submicron particles of soot in the incineration chamber, a 

10 high-filtration efficiency (small pore) material is used in 

the filter. However, to avoid impeding the air flow through 
the filter, the filter must have a large surface area to 
compensate for the reduced air flow velocity. Accordingly, 
the secondary filter incorporates a generally cylindrical 

15 form with open ends to allow the particulates to pass 

directly through, while the regeneration air passes radially 
through the cylindrical filter walls to an outlet. 
Preferably the secondary filter is mounted vertically to 
allow the particulates to fall assisted by gravity to the 

20 bottom of the incineration chamber. 

A heater is located in the incineration chamber. 
Periodically, with the valve between the incineration chamber 
and the trap housing closed to isolate the incineration 
chamber, the heater is activated to burn the particulates 

25 collected in the trap. 

The oxidation products may be exhausted to ambient or 
may be returned to the engine intake in an exhaust gas 
recirculation system. If returned to the engine, any 
partially oxidized species, such as CO and unburned 

30 hydrocarbons, are destroyed. Such an exhaust gas 

recirculation system may supplement a main EGR system to aid 
in the minimization of nitrogen oxides. 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects, aspects and features of the 
present invention will become apparent from the following 
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description of the presently preferred embodiments thereof 
and from the drawings, wherein: 

FIG. 1 is a schematic diagram illustrating one 
embodiment of the diesel particulate and PAH trap in accord 
5 with the present invention; 

FIG. 2 is a schematic diagram of the embodiment of 
Fig. 1 illustrating "flip-flap" valves instead of the 
solenoid valves thereof ; 

FIG. 3 illustrates in the FIGs. 3A through 3D thereof 
10 schematic drawings useful in explaining "flip-flap" valve 

operation of the diesel particulate and PAH trap in accord 
with the present invention; 

FIG. 4 is a schematic diagram illustrating another 
embodiment of the diesel particulate and PAH trap in accord 
15 with the present invention; 

FIG. 5 illustrates in the FIGS. 5A and 5B thereof top 
and side views of an electric burner of the diesel 
particulate and PAH trap in accord with the present 
invention; 

20 FIG. 6 illustrates in the FIGS. 6A and 6B thereof 

schematic diagrams useful in explaining one type of 
regeneration of the diesel particulate and PAH trap in accord 
with the present invention; 

FIG. 7 illustrates in the FIGS. 7A and 7B thereof graphs 

25 illustrating the performance of an exemplary embodiment of 

a diesel particulate and PAH trap in accord with the present 
invention; 

FIG. 8 is a schematic diagram of another embodiment of 
a pulsed, reverse-flow regenerated diesel trap capturing 
30 soot, ash and PAHs: in accord with the present invention; 

FIG. 9 is a schematic diagram illustrating an embodiment 
of a filtered exhaust gas recirculation system in accord with 
the present invention; 

FIG. 10 is a schematic diagram illustrating another 
35 embodiment of the filtered exhaust gas recirculation system 

in accord with the present invention; and 
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FIG. 11 is a schematic diagram illustrating a 
flow-through incineration system coupled to a diesel 
particulate trap in accord with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A. Pulsed Regeneration Filtration System 

Referring now to Fig. 1, generally designated at 10 is 
a schematic diagram of one embodiment of the diesel 
particulate and PAH trap in accord with the present 
invention. The system 10 includes a casing member 12, such 
as a steel tube, into which a particulate trap generally 
designated 14 is rigidly attached, such as by bolted flanges, 
not shown, in such manner that the trap 14 presents opposing 
faces that open to either side of the member 12. In the 
preferred embodiment, two metallic rings, not shown, that fit 
15 both sides of the filter 14, hold the filter 14 inside the 

member 12 using six (6) bolts, not shown, and high- 
temperature resistant sealing gaskets, such as of red 
silicone, not shown, are preferably provided between each of 
the rings and the corresponding face of the filter 14. 
20 The trap 14 may be any suitable "diesel particulate and 

PAH trap, such as ceramic honeycomb monoliths. Exemplary 
filters that were tested were the NGK C-415 filter with a 
filtration efficiency of eighty percent (80%); the PANASONIC 
low-density, light weight R-type mullite fiber (ALPj-SiOj) 
25 corrugation filter with a filtration efficiency of eighty 

percent (80%); the CORNING EX-66 with seventy percent (70%) 
filtration efficiency, and the CERAMEM filter with over 
ninety-five percent (95%) filtration efficiency. The CERAMEM 
filter consists of a Corning EX-66 filter coated with a thin 
30 (approximately 50 micron) ceramic microf iltration membrane 

with fine pores (0.5 micron). It may be noted that due to 
its membrane characteristics, this filter, with its high 
filtration efficiency, is easily regenerable with back 
pulsing in a manner to be described, and as a consequence, 
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any possibility for clogging, whether complete or partial, 
is eliminated. 

A compressed air tank 16 is coupled through a valve 18 
to one side of the filter 14 disposed in the member 12, and 
5 engine exhaust/ schematically illustrated by arrow 20, is 

coupled to the other side of the filter 14 in the member 12 
through a valve 22. An electric burner (or bag house) 24 is 
coupled to the same side of the filter 14 through a valve 26. 
A valve 28 is provided in a fluid path coupled between the 

10 valve 18 and the vessel 12, and a valve 30 is coupled in a 

fluid path between the engine exhaust 20 and the valve 22. 
The several fluid valves 18, 22, 26, 28 and 30 are marked by 
respective indicia "C, O", where the upper such mark 
indicates either the open (O) or the closed (C) state thereof 

15 during normal filtration operation to be described, and where 

the lower such mark indicates the state thereof during 
reverse-flow regeneration to be described. 

An electronic control unit (ECU) 32 is coupled to the 
valves 18, 22, 26, 28 and 30, as schematically illustrated 

20 by the arrow marked by the number five (5), and is coupled 

to the burner 24. A pressure responsive switch 34 is coupled 
between the inside of the member 12 and the electronic 
control unit 32 to monitor the level of back pressure on the 
side of the filter 14 that is in communication with the 

25 engine exhaust 20. As schematically illustrated by arrow 36, 

the distance "d" between the diesel exhaust 20 and the member 
12 is selected to allow the PAHs and other aliphatic unburnt 
hydrocarbons in the diesel exhaust to cool to a temperature 
below their corresponding boiling point temperature by the 

30 time they reach the trap 14. Thus, condensation of the PAHs 

on the carbonaceous soot is achieved. Cooling fins 
schematically illustrated by vertical marks 38, or other heat 
transfer means, may also be provided for this purpose. 
Referring now to Fig. 2, generally designated at 40 is an 

35 embodiment of the diesel particulate and PAH trap that uses 

"flip-flap" valves instead of the solenoid valves of the 
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Fig. 1 embodiment. The embodiment 40 differs from the 
embodiment 10 of Fig. 1 in the respect that a 3-way "f lip- 
flap" valve 42 is positioned between the solenoid valve 18 
and the face of the filter 14 confronting the compressed air 
5 tank 16 instead of the solenoid valve 28 (Fig. 1) and in the 

respect that a 4-way "flip-flap" valve 44 is coupled to the 
electronic control unit 32 and positioned between the engine 
exhaust 20 and the face of the trap 14 confronting the engine 
exhaust 20 instead of the three solenoid valves 22, 26, 

10 and 30 of the embodiment 10 of Fig. 1. 

As shown in Fig. 3A, the three-way flip-flap valve 42 
has a pivoting flap 46 that is held in the illustrated normal 
position by gravity during exhaust filtration to be 
described. During reverse-flow regeneration to be described 

15 the pressure of the one or more high-pressure and low- 

velocity pulses lifts the flap 46 up to the position 
illustrated at 46' as seen in Fig. 3B to enable each of the 
one or more pulses to dislodge the PAH-coated soot and ash 
from the trap 14 in a manner to be described. 

20 As shown in Fig. 3C, the 4-way flip-flap valve 44 has 

a pivoting double flap 48 that is held by gravity in the 
normal horizontal position that allows the engine exhaust 20 
to flow toward the ceramic filter during normal filtration 
mode in a manner to be described. During reverse-flow 

25 regeneration to be described a solenoid actuator, not shown, 

lifts the double flap 48 up to the position 48' as seen in 
Fig. 3D to enable on the one hand the engine exhaust 20 to 
be diverted either to ambient or to a parallel filter to be 
described and on the other to enable the soot, ash and PAH 

30 laden air stream to be collected in the bag house or to be 

oxidized in the burner in a manner to be described. It 
should be noted that the valve 44 may be operated without a 
solenoid actuator so long as the pressure of each of the one 
or more high-pressure low-velocity pulses to be described is 

35 sufficient to lift the double flap 48 thereof to the position 

48' illustrated in Fig. 3D. 
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Referring now to Fig. 4, generally designated at 50 is 
another embodiment of a diesel particulate and PAH trap in 
accord with the present invention. The embodiment 50 differs 
from the embodiment 10 of Fig* 1 in the respect that the 
5 elements 12, 14, 18, 22, 26, 28 and 34 thereof coupled 

between the engine exhaust 20 and the compressed air tank 16 
are duplicated in parallel by the corresponding elements 12', 
14', 18', 22', 26', 28' and 34'; in the respect that the 
electronic control unit 34" of Fig, 4 is connected to the 

10 eight (8) solenoid controlled valves 18, 18', 22, 22', 26, 

26', 28, 28', rather than the five (5) valves of the 
embodiment 10 of Fig. 1; and in the respect that the ECU 34" 
operates differently than the ECU 34 of Fig, 1 to vent in a 
mariner to be described the exhaust 20 alternately through one 

15 of the parallel filters 14, 14' while the other is being 

regenerated rather than by venting the exhaust 20 to ambient 
as in the embodiment 10 of Fig. 1 (and 40 of Fig. 2). It may 
be noted that since the Fig. 4 embodiment never vents the 
diesel exhaust 20 to ambient atmosphere but always filters 

20 the same in one of the parallel traps 14, 14', the solenoid 

valve 30 (Fig. 1) (and the corresponding structure in Fig. 
2), that vents the same to ambient atmosphere, is rendered 
unnecessary in the embodiment 50 of the Fig. 4. It should 
be noted that as in the embodiment 40 of Fig. 2 where three- 

25 way and four-way flip-flap valves may be substituted for the 

corresponding solenoid valves of the embodiment 10 of Fig. 1, 
such flip-flap valves may also be substituted in the 
embodiment 50 of the Fig. 4. 

Referring now to FIGS. 5a and 5b, top plan and side 

30 sectional views of a presently preferred embodiment of the 

electric burner device 24 of the embodiments of FIGS. 1, 2 
and 4 are illustrated. The burner device 60 consists of an 
electric heater 62 installed at the bottom of a metallic 
hopper 64, and a filtering element 66, such as a fabric 

35 filter, disposed at an open top mouth of an inner cylinder 68 

concentrically disposed within the hopper 64 and axially 
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aligned with the heater 62. An air flow schematically 
illustrated by an arrow 70 carrying the soot/ PAHs and ash 
induced by pulsed reverse-flow regeneration to be described 
enters the annular space defined between the outer hopper 64 
5 and the inner cylinder 68 through tangential inlet 72, 

thereby acquiring a rotating and vortical motion. The vortex 
flow carrying the soot, PAH and ash descends along the walls 
of the hopper 64 and then rises in the inner cylinder 68 
while still rotating, and exits through the filtering 

10 element 66. The soot, ash and PAH particles that accumulate 

on the walls of the cylinders and the filtering element fall 
into the hopper and are oxidized by the electric heater 62. 
In place of the electric burner 60 other electric burners may 
be employed as well without departing from the inventive 

15 concept. A soot collector such as a fabric bag made of Nomex 

Nylon with a very high capturing efficiency installed in a 
sealed container could be used as a bag house in place of the 
electric burner/ cyclone subassembly without departing from 
the inventive concept. 

20 In the normal filtration mode of operation of the 

single-filter embodiment 10 of the Fig. 1, the exhaust stream 
20 from the diesel engine is controllably coupled by the ECU 
34 to the soot, PAH and ash trap 14 such that its temperature 
is below the PAH condensation (boiling point) temperature. 

25 As the soot, ash and PAH particulates enter the trap 14, the 

soot, PAH and ash particulates are captured in the pores of 
the filter 14 as the exhaust stream 20 is passed 
therethrough. Downstream of the filter 14, the cleaned 
exhaust is controllably coupled by the ECU 34 to ambient. 

30 In the embodiment of Fig. 1, wherein solenoid valves are 

employed, the electronic control unit 34 opens the valves 22, 
28 respectively leading to the filter 14 and leading away 
from the filter 14 to ambient to provide the fluid flow path 
from the engine to ambient while it closes the valves 18, 26, 

35 30 that respectively lead to the pressurized air source 16, 

the burner device 24, and to the ambient atmosphere. The ECU 
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34' is operative to provide the same flow paths and 
connections by means of the valves 42, 44 in the embodiment 
40 of Pig. 2. 

In the reverse-flow regeneration mode of operation of 
the single-filter embodiment of Fig. 1, the exhaust 20 from 
the diesel is controllably coupled by the ECU 34 to 
atmosphere upstream of the filtration element 14 during the 
time that the filter 14 is being regenerated, at least one 
pulse of high-pressure and low-velocity (low-mass) air from 
the compressed air tank 16 is controllably coupled to the 
side of the filter 14 remote from the diesel exhaust, and the 
exhaust stream laden with PAH, soot, and ash is controllably 
coupled to the burner 24. In the embodiment of Fig. 1, 
wherein solenoid valves are employed, the electronic control 
unit 34 opens the valves 18, 26 and 30 and closes the valves 
22, 28 to provide the flow paths that couple the tank 16 to 
the member 12, couple the exhaust stream 20 to ambient and 
the reverse-flow output of the member 12 to the burner 24. 
The one or more pulses of high-pressure and low-velocity air 
may be provided from the compressed air tank 16 by 
controllably opening the solenoid control valve 18 at a low- 
duty-cycle, for example, about three-tenths (.3) second- each 
half-hour. Closing the valve 28 to ambient isolates the trap 
from the outside atmosphere; thus, the air flow upstream of 
the filter is maintained at a high pressure for the duration 
of the pulse. The low-duty-cycle of the one or more pulses 
prevents the consumption of the charge of the air cylinder 
and ensures the long-life operation of the reverse-flow 
regeneration subsystem of the invention. The one or more 
pulses of high-pressure and low-velocity air may also be 
provided by so controlling the valve 18 at the one end of the 
filter 14 and the valves 22, 26 at the other side of the trap 
14 as to pressurize the member 14 as illustrated generally at 
80 in Fig. 6a. When the pressure therein reaches a 
preselected pressure, the pressure built up in the member 12 
is released on a sudden by controllably opening the valve 26 
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leading to the device 24 (illustrated in Fig. 6 as a 
collection device) while controllably closing the valve 18 
as illustrated generally at 82 in Fig. 6b. In either 
embodiment, one or more pulses of high-pressure and low- 
5 velocity (low-mass) air effectively regenerate the filter 14 

dislodging the soot laden with PAHs and ash entrapped 
therein. The ECU 34 is operative to provide the same flow 
paths and connects by means of the valves 42 , 44 in the 
embodiment 40. 

10 The embodiment of Fig. 4 operates either by back pulsing 

or by element vessel pressurization and exhaust (Fig. 6) in 
the same manner as that of the embodiments of FIGS. 1, 2, 
except that the exhaust of the diesel is not vented to 
ambient during pulsed reverse-flow regeneration but rather 

15 is controllably coupled by the ECU 34" via valves 22, 22' 

to one of two or more parallel soot (laden with PAHs) and ash 
traps 14, 14'; during reverse-flow regeneration of one 
parallel trap, say the unit 14, the diesel exhaust is fed to 
the other parallel trap 14' , and vice versa. The exhaust 20 

20 is then never vented to the ambient atmosphere during pulsed 

reverse-flow regeneration in the embodiment of Fig. 4. Each 
leg of the parallel embodiment 50 of Fig. 4 is otherwise 
operative in normal filtration and reverse-flow regeneration 
modes as the embodiments 10 and 40 are operative in these 

25 modes, and are not again described herein for the sake of 

brevity of explication. 

In any of the embodiments herein, the regeneration can 
occur periodically, such as every half hour, or can be 
triggered whenever the pressure reading as provided by the 

30 corresponding sensor 34 of the corresponding particulate trap 

exceeds a predetermined pressure. Exemplary duty cycles of 
one-half hour to one hour, pressure ranges of three hundred 
forty-five (345) kPa to five hundred forty-five (545) kPa, 
and temperature ranges of orie hundred seventy-five (175) °C 

35 to one hundred ninety (190) °C have been found to be 

effective. 
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Generally designated at 90 in Fig. 7a and at 92 in 
Fig. 7b are graphs plotted with pressure as ordinate and time 
as abscissa that illustrate the performance of the pulsed 
reverse-flow regeneration subsystem in accord with the 
5 instant invention. The graph 90 was compiled from a 

PANASONIC filter and with regeneration of three (3) pulses 
at three hundred forty five (345) kPa every half hour and the 
graph 92 was compiled from a CERAMEM filter using three (3) 
one (1) second pulses each at three hundred forty five 

10 (345) kPa every half hour. As shown by the graphs 90, 92, 

the pulses effectively removed the soot, PAHs and ash as well 
from the respective filters. 

Referring now to Fig. 8, generally designated at 100 is 
a schematic diagram of another embodiment of the pulsed, 

15 reverse-flow regenerated diesel trap capturing soot, PAHs and 

ash in accord with the present invention. The system 100 
differs from the single-filter embodiments heretofore in as 
much as the trap housing is vertical, not horizontal, in the 
respect that engine exhaust is fed through the trap during 

20 reverse-flow regeneration and in the respect that the burner 

subassembly is included in the same vertical housing as the 
trap. The embodiment 100 includes the ceramic filter 14 
mounted in housing 102 having a top face and a bottom face. 
Any suitable mounting means, such as bolted flanges that hold 

25 both sides of the filter 14 inside the housing 102 with high- 

temperature resistant sealing gaskets, both not shown, are 
preferably provided between the housing 104 and each face of 
the trap 14 . 

A first conduit 104 connected to the top of the housing 
30 102 is coupled to a compressed air source, not shown, via a 

solenoid valve shown schematically at 106, and an exhaust 
conduit 108 is coupled to ambient via solenoid valve 
illustrated schematically at 110. Both the conduits 104, 108 
open to one face of the trap 14. 
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A conduit 112 is coupled between engine exhaust 
schematically illustrated by arrow 20 and the member 102, 
which conduit opens to the other face of the trap 14. 

In an alternative embodiment shown dashed generally at 
5 114, three-way solenoid valve and a conduct that communicates 

with the diesel exhaust conduit may be provided to vent the 
diesel exhaust to ambient as in the embodiments heretofore. 

Floor generally designated 116 having central opening 
generally designated 117 is provided in the housing 102 below 
10 the trap 14, and a pressure-responsive door assembly 

generally designated 118 is mounted to the floor 116 in such 
wise that the opening 117 is closed by the door subassembly 
118 during normal filtration mode, but is open during 
reverse-flow regeneration to allow dislodged particulates to 
15 be collected in burner device generally designated 120 

mounted to the bottom of the member 102. 

The door assembly 118 includes a door 122 end mounted 
on springs 124 that resiliently bias the door 122 against Co- 
ring subassembly 126 provided on the confronting face of the 
20 floor 114. 

The burner device 120 may be a coil heater or flame, 
like propane, butane and the like, A conduit 128 is provided 
off the combustion region of the burner that is coupled back 
to the engine intake to bum any PAHs that are revolitized 
25 during the combustion process. 

Any suitable door assembly 122 may be employed, such as 
a center-opening door that opens in response to the pressure 
of the high-pressure and low- velocity regeneration pulses, 
or an electronically-actuated door, without departing from 
30 the inventive concept. 

In operation, during normal filtration mode, the valves 
106, 110 are controllably actuated by the electronic control 
unit, not shown, to couple the engine exhaust through the 
filter and out the engine exhaust output conduit 108; the 
35 conduit 104 is held closed by closing the valve 106, while 
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the trap door 122 is held closed by action of the springs 
124. 

During reverse-flow regeneration, the engine exhaust is 
coupled to the filter (or alternatively to ambient via 
5 solenoid actuated valve 114)/ the conduit 108 is held closed 

by closing the valve 110, and the conduit 104 is opened by 
opening the valve 106. 

During reverse-flow regeneration, high-pressure and low- 
velocity pulses of the type described hereinabove are 

10 controllably coupled through the reverse-flow regeneration 

conduit 104 through the filter 14, which pulses dislodge the 
accumulated particulates therewithin as schematically 
illustrated by matrix 130, while the exhaust is being fed 
therethrough. The pressure of the low-duty cycle, high- 

15 pressure and low-velocity pulses acts against the bias 

provided by the springs 124 and moves the door 122 into its 
opened condition, whereby the dislodged particulates 130 are 
forced around the door and are moved into the burner device 
as schematically illustrated by arrows 132. During the 

20 particulate burning process, the conduit 128 couples any PAHs 

that may revolitize back to the engine, thereby ensuring that 
they get burned again and absorbed so that no vapors are 
released to the atmosphere. 

It will be appreciated that a conduit may be coupled off 

25 the burner device to enable the other embodiments herein to 

burn revolitized hydrocarbons. It will also be appreciated 
that engine exhaust may be coupled through the traps of the 
other embodiments herein during reverse-flow regeneration in 
alternative embodiments thereof. It will also be appreciated 

30 that flip-flop valves may be employed in lieu of the solenoid 

valves of the embodiment of Fig. 8. 
B. Filtered Exhaust Gas Recirculation 

Fig. 9 schematically illustrates an embodiment of a 
filtered exhaust gas recirculation system for a diesel engine 

35 in accordance with the present invention. The system 

includes a filter 214 rigidly attached in a casing 216 which 
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is rigidly attached within an exhaust gas flow path leading 
from an exhaust gas outlet 218 of a diesel engine 220. The 
face 222 of the filter 214 is oriented to receive the exhaust 
gas flow from the engine. As schematically illustrated in 
5 Fig- 9, the distance M d M between the diesel exhaust and the 

filter 214 may be selected to allow the PAHs and other 
aliphatic unburnt hydrocarbons in the diesel exhaust to cool 
to a temperature below their corresponding boiling point 
temperature by the time they reach the filter. Thus, 
10 condensation of a fraction of the volatile hydrocarbons on 

the carbonaceous soot is achieved. The filter 214 

comprises a diesel particulates and volatile hydrocarbon trap 
having a particulate filtration efficiency of at least 95 
percent and preferably at least 99 percent. If exhaust gas 
15 is recirculated to an engine equipped with a turbocharger or 

supercharger at the intake of the compressor, at least 99 
percent of the particulates must be removed, since the 
particulates are excessively destructive to such devices. 
The previously described CERAMEM filter is a suitable filter, 
20 which achieves a 99 percent efficiency. This filter 

comprises a ceramic honeycomb monolith, as previously 
described, in which walls are arranged in parallel to define 
a honeycomb arrangement of parallel channels. One end of 
each channel is blocked, adjacent channels-being blocked at 
25 opposite ends, such that gas entering the open ends of one 

set of channels must pass through the pores in the walls to 
exit the open ends of the adjacent channels. In addition, 
the walls of the CERAMEM filter are coated with a thin 
ceramic (approximately 50 micron thick) microf iltration 
30 membrane having pores on the order of 0.5 microns. Such fine 

pores are suitable for trapping soot, which has an aggregate 
particle diameter in the range of 0.5 to 1 /xm. In this 
manner, the CERAMEM filter functions as a surface filter, in 
which particles are trapped on the surface of the walls, 
35 rather than as a depth filter, in which particles become 

embedded within the walls. Particles on the wall surfaces 
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are more easily removed by aerodynamic regeneration than 
particles embedded in the walls . 

Returning to Fig. 9, a compressed air source 232 is 
coupled through a solenoid valve 234 to the opposing face 224. 
of the filter 214 remote from the engine exhaust gas outlet 
218. Buses and trucks are frequently equipped with an air 
compressor, which may serve as the source of compressed air 
in the present invention. A three-way valve 236, such as a 
flip-flap valve, is coupled in the flow path between the air 
compressor 232 and the filter 214. A hinged flap 238 
operates to alternately close off the flow path to the air 
compressor 232 or the outlet 240 to ambient. 

During operation in the filtration mode, the engine 
exhaust from the engine exhaust outlet 218, schematically 
illustrated by arrow 242, is directed through the filter 214, 
in which the particulates are deposited. The flap 238 of the 
three-way valve 236 is positioned by gravity to close of f the 
flow path between the air compressor 232 and the three-way 
valve and open the flow path to ambient via the outlet 240, 
schematically illustrated by arrow 243. The solenoid valve 
234 is closed, so that no compressed air enters the system. 

A burner or other collection device 230 is coupled to 
the face 222 of the filter 214 and is preferably included 
within the same casing 216 as the filter, as indicated with 
respect to the embodiment of Fig. 8, described previously. 
In this embodiment, the filter casing 216 is preferably 
mounted vertically with respect to the engine exhaust. A 
pressure responsive door assembly is mounted in the filter 
casing below the filter, as shown with more particularity in 
Fig. 8. During operation in the filtration mode, the door 
assembly is biassed closed, but the door assembly opens in 
response to the flow of air from the compressor during 
reverse-flow regeneration to allow dislodged particulates to 
be collected in the collection device. The compressed air 
is exhausted to ambient during the reverse-flow regeneration 
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mode via a solenoid valve 244 which is closed during the 
filtration mode. 

A recirculation or EGR line 248 is located with an 
upstream entrance in the exhaust line between the face 224 
5 and the three-way valve 236. The recirculation line has a 

downstream exit at the engine intake manifold 250/ or at a 
supercharger 251 or turbocharger (not shown) if the engine 
is so equipped. A solenoid valve 252 is located near the 
upstream end of the line to control the amount of clean gas 

10 admitted to the EGR line. A pump 254 may be provided in the 

EGR line to pressurize and regulate the flow, if necessary, 
as is known in the art. The length of the recirculation line 
between the filter and the engine intake and the location of 
the EGR line upstream entrance is selected to cool the 

15 recirculated gas to a lower temperature, preferably in the 

range of 20 to 40°C, prior to its introduction to the engine. 
A cooler gas isi denser, and more gas can thereby be 
recirculated into the engine for more efficient NO x 
reduction. 

20 A central processor unit (CPU) 256 is coupled to the 

valves 234 # 244, and 252 and to the pump 254. A pressure 
responsive switch as previously described by reference to 
Figs. 1, 2, and 4 may be coupled between the inside of the 
casing 216 and the CPU to monitor the level of back pressure 

25 on the side 222 of the filter 214 that is in communication 

with the engine exhaust. 

In operation during the filtration mode, the exhaust 
stream 242 from the diesel engine 220 is directed to and 
through the particulate filter 214. As the particulates 

30 enter the filter, the particulates are captured in the pores 

of the filter walls or membrane coating as the exhaust stream 
passes therethrough. Downstream of the filter 214, the 
cleaned exhaust gas is coupled to ambient via the three-way 
valve 236 to the pressure of the exhaust gas flow on the flap 

35 238 to close off the flow path to the compressed air source, 

while the valve 234 for the compressed air source is closed 
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under the control of the CPU. Additionally, a portion of the 
cleaned exhaust gas is controllably directed out of the 
exhaust line into the recirculation line 248 through the 
valve 252 under the control of the CPU. Tests have shown 
5 that ten percent recirculation leads to a reduction in the 

N0 X emissions of approximately forty percent . A fifteen 
percent recirculation rate leads to approximately a sixty 
percent reduction in N0 X emissions. A twenty perqent 
recirculation rate leads to approximately ah eighty percent 

10 reduction in N0 X emissions. Typically, approximately ten to 

fifteen percent of the cleaned exhaust gas is directed to the 
recirculation line. A greater percentage of the cleaned 
exhaust gas may be directed into the recirculation line if 
desired. However , recirculation rates of greater than 

15 fifteen or twenty percent begin to effect engine performance 

significantly. 

In the reverse flow regeneration mode of operation, at 
least one pulse of high-pressure air from the compressed air 
source is controllably coupled to the side 224 of the filter 

20 remote from the diesel exhaust. The one or more pulses of 

high-pressure air may be provided from the compressed air 
source 232 by controllably opening the solenoid control 
valves 234 and 244 and closing the valve 252 in the EGR line 
at a low-duty-cycle , for example, about three-tenths (.3) 

25 second each half -hour, to provide a flow path that couples 

the compressed air source to ambient via the filter 214 and 
the collection device 230. The pulse of air is sufficient 
to move the hinged flap 238 of the three-way valve to close 
off the outlet 240 to ambient, thereby allowing the pressure 

30 to build up evenly across the face 224 of the filter. The 

pulse of air passes down and through the filter 214, 
dislodging the particles therein, and impinges on the door 
assembly of the collection device (see Fig. 8) to open the 
door. The dislodged particles are retained in the collection 

35 device. The low-duty-cycle of the one or more pulses 

prevents the consumption of the charge of the air cylinder 
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and ensures the long-life operation of the reverse-flow 
regeneration subsystem of the invention/ 

Additionally, it is generally not necessary to close off 
the exhaust stream 242 from the engine 220 or couple the 
5 exhaust stream to ambient. By locating the collection device 

directly below the filter and opening the valve 244 to 
ambient, the pulse of air is directed toward the collection 
device through the door assembly thereof, rather than toward 
the engine. Also, for a pulse of a short duration, such as 

10 0.3 second, the backpressure in the line from the engine does 

not significantly affect engine operation. However, valves 
closing off the flow from the engine or directing the exhaust 
to ambient, such as valves 22 and/or 30 of Fig. 1 as 
previously described, may be provided if desired. 

15 Filtering recirculated exhaust gas according to the 

present invention thus obviates problems of engine wear due 
to contamination of the lubricating oil with soot. The 
benefits of EGR can be realized, and reduction of particulate 
emissions can be achieved as well. In addition, corrosion 

20 problems in the intake manifold are minimized, since sulfates 

are also partially removed in the trap by condensation on the 
soot. Also, the pulsed regeneration system is highly 
reliable since is does not rely on thermal regeneration of 
the ceramic filter which can lead to high temperature 

25 failures of the ceramic by melting or cracking. 

Referring now to Fig. 10/ a schematic diagram of another 
embodiment of the filtered exhaust gas recirculation system 
of the present invention is shown. An exhaust gas flow path 
312 extends from a diesel engine 320. A recirculation or EGR 

30 line 348 branches from the exhaust gas flow path at a 

location downstream of the engine 320. The downstream end 
of the recirculation line communicates with the engine intake 
manifold 350, or supercharger 351 or turbocharger (not shown) 
if the engine is so equipped. A solenoid valve 352 in the 

35 EGR line controls the' amount of gas flow on the EGR line. 

A pump 354 is also provided in the EGR line to pressurize and 
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regulate the flow, as is known in the art. The length of the 
recirculation line and the location of its upstream entrance 
in the exhaust gas line is selected to cool the recirculated 
exhaust gas to a lower temperature, preferably in the range 
of 20 to 40°c, prior to its introduction to the engine. 

A filter 314, rigidly attached in a casing 316, is 
located in the EGR line 348 near the upstream end thereof 
with opposing faces 322, 324 in line with the recirculation 
exhaust gas flow. The filter comprises a diesel particulates 
and PAH trap having a filtration efficiency of £95%. The 
CERAMEM filter previously described is capable of providing 
such a high filtration efficiency. As schematically 
illustrated in Fig. 10, the distance from the engine 320 to 
the face 322 is selected to allow the PAHs and other 
aliphatic unburnt hydrocarbons in the diesel exhaust to cool 
to a temperature below their corresponding boiling point 
temperature by the time they reach the filter. Thus, partial 
condensation of the volatile hydrocarbons on the carbonaceous 
soot is achieved. 

A compressed air source 332 is coupled via a solenoid 
valve 334 to the face 324 of the filter 314 disposed in the 
line 348. A central processor unit (CPU) 356 is coupled to 
the valves 334 and 352 and the pump 354. A pressure 
responsive switch may be coupled between the inside of the 
casing 318 and the CPU to monitor the level of the 
backpressure on the side 322 of the filter 314 that is in 
communication with the engine exhaust. 

In operation during the filtration mode, the exhaust 
stream, schematically indicated by arrow 342, is directed 
into the exhaust gas flow path 312. A portion of the exhaust 
gas stream is controllably diverted into the recirculation 
line 348, where the flow is passed to and through the 
particulate filter 314. Valve 334 is closed. As the 
particulates enter the filter, the particulates are captured 
in the pores of the filter as the exhaust stream passes 
therethrough. 
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In the reverse flow regeneration mode of operation, the 
valve 352 in the EGR line is closed and the valve 334 is 
opened and at least one pulse of high-pressure air from the 
compressed air tank is controllably coupled to the side 324 
5 of the filter 314 remote from the engine outlet. The one or 

more pulses of air effectively regenerates the filter by 
dislodging the particulates entrapped therein. Additionally, 
the distance between the face 322 of the filter 314 and the 
flow path 312 is selected to be sufficiently small so that 

10 the pulse of air readily delivers the entrapped particulates 

into the exhaust gas flow line. This embodiment is suitable 
for applications where control of particulates is not 
required but NO x reduction is desired, and in applications 
which would nevertheless generate sufficient particulates to 

15 damage the engine if recirculated with the unf iltered exhaust 

gas. 

In any of the embodiments herein, the regeneration can 
occur periodically, such as every half hour, or can be 
triggered whenever the pressure reading as provided by a 

20 pressure sensor associated with the corresponding particulate 

filter exceeds a predetermined pressure. Exemplary duty 
cycles of one-half hour to one hour and pressure ranges of 
3.0 to 6.0 atm (gage) have been found to be effective. Also, 
although the valves have been described as solenoid or 

25 flip-flap valves, any other suitable valves may be provided. 

C. Plow-Through Soot Incineration 

Referring now to Fig. 11, a flow-through soot 
incineration system 410 according to the present invention 
is coupled to an aerodynamically regenerated particulate trap 

30 system 412, such as that previously described. Engine 

exhaust is introduced through an engine exhaust inlet 414 
into a casing or housing 416 in which is mounted a primary 
trap 418 comprising, for example, a ceramic monolith as 
described above. Particulates are captured on the walls of 

35 the primary trap 418 while the engine exhaust passes through 

the trap and flows through an engine exhaust outlet 420 
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coupled to the opposite side of the trap. Periodically, 
pulses of compressed air are introduced through a 
regeneration air inlet 422 to dislodge the particulates 
trapped in the primary filter. A flip flap or other suitable 
valve mechanism 424, as described above, directs the 
regeneration air through the trap in a direction opposite to 
the flow of exhaust gas from the engine through the trap. 
Preferably, the housing 416 is mounted vertically, so that 
particulates dislodged from the trap fall toward a bottom 
wall 426 of the housing. 

An incineration chamber 430 is provided downstream of 
the dislodged particulates such that the dislodged 
particulates can be directed into the incineration chamber. 
Preferably, the incineration chamber is located vertically 
below the particulate trap housing 416. a valve or other 
suitable closure device 432, such as that shown in Pig. 8, 
is provided at an opening 434 in the wall 426 between the 
incineration chamber and trap housing. The valve is biassed 
into a closed position to block the opening and is opened 
only during the pulse of regeneration air to admit the air 
and entrained particulates into the incineration chamber 430. 
During other times, the valve 432 remains closed to isolate 
the incineration chamber 430 from the particulate trap 
housing 416. The valve may, for example, be 

electromechanically actuated, such as a solenoid valve, or 
mechanically actuated, such as a spring loaded door or plate 
which is pushed open by the pressure of the pulse of 
regeneration air. Any other suitable valve or closure 
mechanism may be provided. 

A secondary filter 440 is mounted inside the 
incineration chamber 430. The filter has a generally 
cylindrical, hollow configuration with open ends 444, 446. 
The filter allows passage P f the regeneration air 
therethrough, but prevents passage of the particulates. The 
cylindrical walls of the filter 440 are formed from a high 
filtration efficiency, high temperature resistant cloth 442 
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configured as a hollow cylinder and mounted in any suitable 
frame or housing 443 to maintain the cylindrical 
configuration. The filter frame 443 is mounted in the 
incineration chamber 430 such that the cylinder ends 444, 446 
remain open. An annular space 448, sealed at the top 450 and 
bottom 452, is formed around the exterior of the cylindrical 
filter. Any suitable manner of mounting the cylindrical 
filter 440 and sealing the annular space 448 may be used. 
Regeneration air passes radially through the cloth walls 442 
and into the annular space 448, as indicated by arrows 454 * 
The particulates are prevented from passing into the annular 
space by the cloth walls 442. 

To remove . the submicron particles of soot, a 
high-filtration efficiency (small pore) material must be used 
in the filter; However, such material is known as a "slow 
filter," that is, the better the filtration efficiency, the 
lower the velocity of flow that can pass through it. 
Reducing the flow of the regeneration air, however, may 
undesirably reduce the cleaning effectiveness of the air. 
Thus, to provide a fine filter without impeding the air flow, 
a large surface area is used, to compensate for the reduced 
velocity per unit area. The surface area may be increased 
by providing a sufficiently large filter. Alternatively or 
in addition, the filter cloth may be pleated to increase the 
surface area. 

Suitable filter cloths are commercially available from 
known sources, such as Rosendale in California, which has a 
high temperature resistant polymeric cloth, or 3M, which has 
a ceramic fiber mesh. The average pore size of the cloth may 
be chosen to suit the application. For typical diesel engine 
exhaust applications, the average pore size may range from 
0.1 to 10 jim. The cloth temperature resistance should be at 
least 250°C to withstand the temperatures in the incineration 
chamber . 

A regeneration air outlet 460 is provided in the 
incineration chamber in communication with the annular space 
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448 surrounding the cylindrical filter 440. The regeneration 
air passes radially through the filter cloth and is exhausted 
to ambient through the outlet. Particulates are prevented 
from passing into the annular chamber and air outlet by the 
5 filter. Preferably, the filter is oriented vertically , so 

that retained particulates fall by gravity to the bottom 462 
of the incineration chamber 430. A burner element 464 is 
located in the bottom of the incineration chamber for 
periodically burning the retained particulates. The burner 

10 may have any suitable conf iguration, such as flat or spiral. 

The burner element is preferably electrically powered, 
although any suitable burner element, such as is known in the 
art, may be provided. 

One or more cleaning air jets 466 may be provided to 

15 backpulse the secondary filter 440. Such jets may be used 

to dislodge any particulates, such as soot, that have stuck 
to the filter cloth rather than fallen to the bottom of the 
incineration chamber. The jets may also be useful in 
dislodging particulates if the filter cannot be mounted 

20 vertically within the incineration chamber. 

In operation, the valve 432 between the trap housing 416 
and the incineration chamber 430 is closed after the pulse 
or pulses of regeneration air have dislodged the particulates 
from the primary trap and transported the particulates to the 

25 incineration chamber. The incineration chamber is isolated 

from the primary trap by the closing of the valve. The 
burner 464 is turned on, generally for several minutes, to 
burn the particulates. Combustion air may be provided 
through the one or more cleaning air jets 466 or through 

30 additional air ports 468 , shown in phantom, provided in the 

incineration chamber for this purpose. Alternatively, the 
regeneration air outlet may be opened, either permanently or 
by an optional valve 470, to allow air to enter the 
incineration chamber. If desired, the regeneration air 

35 outlet may be closed via the valve during combustion. 
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The gaseous products of oxidation, predominantly N 2 , C0 2 , 
H 2 0, and small amounts of CO and unburned hydrocarbons may be 
exhausted through an outlet 472 to ambient or may be returned 
to the engine intake in an exhaust gas recirculation system. 
In the engine, any partially oxidized species, such as CO and 
unburned hydrocarbons, are destroyed. Such an exhaust gas 
recirculation system may provide a supplement to a main EGR 
system, such as described above, and aid in the minimization 
of nitrogen oxides . 

A controller, such as that previously described, may be 
used to provide any necessary control. For example, the 
controller may be in communication with the burner to turn 
the burner on for a predetermined period of time, such as ten 
to fifteen minutes, after each regeneration cycle. 
Similarly, the controller may be in communication with any 
solenoid valves if such valves are used in the system. 

Many modifications of the presently disclosed invention 
will become apparent to those skilled in the art having 
benefitted from the instant disclosure without departing from 
the inventive concept. 
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I claim: 



1. A diesel engine exhaust gas filtration and incineration 
system for reducing total particulate emissions in diesel 
5 exhaust from a diesel engine comprising: 

a diesel engine exhaust gas conduit having a diesel 
exhaust inlet port couplable to a diesel engine and a diesel 
exhaust outlet port couplable to ambient; 

a regenerable particulate trap having pores sized to 

10 capture particles therewithin that are contained in the 

diesel exhaust, said filter disposed in said diesel engine 
exhaust conduit between said diesel exhaust inlet port and 
said diesel exhaust outlet port; 

a source of compressed air controllably coupled to said 

15 diesel engine exhaust gas conduit between said particulate 

trap and said diesel exhaust outlet port; 

a particulate incineration unit coupled to said diesel 
engine exhaust gas conduit between said particulate trap and 
said inlet port, said incineration unit comprising a burner 

20 and a filter, said filter comprising a generally cylindrical 

wall having pores sized to prevent passage of the 
particulates therethrough and permit passage of air 
therethrough, said wall further having a surface area sized 
to maintain a flow rate of air from said source of compressed 

25 air; and 

a controller, operatively coupled to said source of 
compressed air and operable in a filtration mode for coupling 
diesel exhaust in said diesel exhaust gas conduit through 
said particulate trap and directing filtered exhaust gas out 

30 said diesel exhaust output port, and further operable in a 

regeneration mode to provide at least one pulse of 
high-pressure air from said source of compressed air that 
flows through said particulate trap in a direction that 
dislodges soot (laden with PAH) and ash particles that are 

35 lodged within the pores thereof and that moves the soot 
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(laden with PAH) and ash particles into said incineration 
unit. 

2. The invention of claim 1, wherein said incineration unit 
is located vertically below said particulate trap, whereby 
dislodged soot laden with PAH and ash particles are directed 
into said incineration unit. 

3. The invention of claim l, further comprising a closure 
between said filter and said incineration unit, said closure 
being biassed closed during said filtration mode and openable 
during said regeneration mode, whereby dislodged soot laden 
with PAH and ash particles are carried through said opened 
closure into said incineration unit. 

4. The invention of claim 3, wherein said closure comprises 
a closure member spring biassed into a closed position and 
operable upon exertion of pressure by the at least one pulse 
of high pressure air. 

5. The invention of claim 3, wherein said controller is in 
communication with said closure to open said controller in 
the regeneration mode. 

6. The invention of claim 1, wherein said incineration unit 
comprises a housing defining an incineration chamber. 

7. The invention of claim 6, wherein said burner is located 
in a bottom portion of said chamber, and said filter is 
located above said burner. 

8. The invention of claim 6, wherein said filter is mounted 
within said incineration chamber to define a space about the 
exterior of said filter, and further comprising an air outlet 
port to ambient in communication with said space about said 
filter. 
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9. The invention of claim 4, further comprising a sealing 
member to seal said space from a remaining portion of said 
incineration chamber. 

10. The invention of claim 6, further comprising a 
5 combustion product outlet in communication with said 

incineration chamber. 

11. The invention of claim 10 , wherein said combustion 
product outlet is in further communication with ambient. 

12. The invention of claim 10, wherein said combustion 
10 product outlet is in further communication with an engine 

intake to provide recirculation of said combustion products 
to said engine for reburning. 

13. The invention of claim 1, wherein said incineration unit 
further comprises an air cleaning jet directed toward said 

15 generally cylindrical wall to dislodge particulates 

therefrom. 

14. The invention of claim 1, wherein said incineration unit 
further comprises an air inlet port to provide combustion air 
to said incineration unit. 

20 15. The invention of claim 1, wherein said wall of said 

filter comprises a high temperature resistant polymeric 
cloth. 

16. The invention of claim 1, wherein said wall of said 
filter comprises a ceramic fiber mesh. 
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17. The invention of claim 1, wherein said pores of said 
wall of said filter have an average pore size of 0.5 /xm. 
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18. The invention of claim 1, wherein said pores of said 
wall of said filter have an average pore size between 0.1 and 
10 jim. 

19. The invention of claim 1, wherein said wall of said 
filter comprises a cloth having a temperature resistance of 
at least 250°C. 

20. The invention of claim 1, wherein said wall of said 
filter comprises a pleated configuration. 

21. The invention of claim 1, further comprising an air 
inlet valve coupled to said source of compressed air and in 
communication with said controller for gating said air inlet 
valve to provide said at least one pulse. 

22. The invention of claim 1, wherein the portion of said 
diesel exhaust conduit between said diesel exhaust inlet port 
and said particulate trap has a preselected length selected 
to allow entrained PAH particles sufficient time to cool to 
below their decomposition temperature by the time they reach 
said particulate trap along said diesel exhaust flow path. 

23. The invention of claim l, further including heat 
transfer means mounted along the portion of said diesel 
exhaust conduit defined between said diesel exhaust inlet 
port and said particulate trap. 

24. The invention of claim 1, wherein said particulate trap 
has a particulate filtration efficiency of at least 
ninety-five percent. 

25. The invention of claim 1, wherein said pores of said 
particulate trap are sized to trap particles having an 
aggregate particle diameter of 0.5 to 1 /im. 
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26. The invention of claim 1, further comprising a three-way 
valve coupled between said particulate trap and said source 
of compressed air, said three-way valve operable to direct 
cleaned exhaust gas to said diesel exhaust outlet port during 

5 said filtration mode and operable to close said diesel 

exhaust outlet port and to direct the air from said source 
of compressed air to said particulate trap during said 
regeneration mode. 

r ■ 

27. The invention of claim 1, wherein said three-way valve 
10 comprises a flip-flap valve. 

28. The invention of claim 1, wherein said burner comprises 
an electric burner. 

29. The invention of claim 1, wherein said controller is in 
communication with said burner and operable to activate said 

15 burner for a predetermined period of time. 

30. A system for reducing nitrogen oxide (NO,) and total 
particulate emissions in diesel exhaust from a diesel engine 
comprising: 

a diesel engine exhaust gas flow path having a diesel 
20 exhaust inlet port couplable to a diesel engine and a diesel 

exhaust outlet port couplable to ambient; 

a regenerable filter having pores sized to capture 
particles therewithin that are contained in the diesel 
exhaust, said filter located downstream of said diesel 
25 exhaust inlet; 

said filter having a filtration efficiency of at least 
ninety-five percent; 

means for directing at least a portion of the diesel 
engine exhaust flow through said filter; 
30 means comprising a recirculation flow path for 

controllably recirculating at least a portion of said 
filtered diesel engine exhaust flow to the diesel engine; 
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said recirculation flow path between said regenerable 
filter and said diesel engine having a preselected length 
selected to cool the recirculated diesel exhaust; and 

means for regenerating said filter at periodic intervals 
5 by providing at least one pulse of compressed air to remove 

said particulates lodged in said filter. 

31. The invention of claim 30, wherein said regeneration 
means comprises: 

a source of compressed air contrbllably coupled to said 
diesel engine exhaust gas flow path between said filter and 
said diesel exhaust outlet port; and 

a controller, operatively coupled to said source of 
compressed air and operable to provide at least one pulse of 
high-pressure air from said source of compressed air that 
flows through said filter in a direction that dislodges soot 
(laden with PAH) and ash particles that are lodged within the 
pores thereof and that moves the soot (laden with PAH) and 
ash particles out of said filter. 

32. The invention of claim 31, wherein said regeneration 
20 means further comprises: 

a particulate disposal unit coupled to said diesel 
engine exhaust gas flow path between said filter and said 
inlet port, whereby dislodged soot (laden with PAH) and ash 
particles are moved into said disposal unit. 

25 33. The invention of claim 30, wherein said regeneration 

means comprises: 

a source of compressed air controllably coupled to said 
filter downstream of the diesel engine exhaust flow through 
said filter; and 

30 a controller, operatively coupled to said source of 

compressed air and operable to provide at least one pulse of 
high-pressure air from said source of compressed air that 
flows through said filter in a direction that dislodges soot 
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(laden with PAH) and ash particles that are lodged within the 
pores thereof and that moves the soot (laden with PAH) and 
ash particles out of said filter. 

34. The invention of claim 30, wherein said controllably 
recirculating means further comprises: 

a recirculation control valve coupled to said 
recirculation flow path; and 

a controller, operatively coupled to said recirculation 
control valve and operable in a filtration mode to open said 
valve for coupling diesel exhaust in said diesel exhaust gas 
flow path through said filter and along said recirculation 
flow path, and further operable in a regeneration mode to 
close said valve to decouple diesel exhaust from said 
recirculation flow path. 

35. The invention of claim 30, wherein said means for 
directing at least a portion of the diesel engine exhaust 
flow through said filter comprises a control valve coupled 
downstream of said filter, and a controller operatively 
coupled to said control valve to open and close said control 
valve, whereby at least a portion of the diesel engine 
exhaust flow is directed through said filter in response to 
said control valve. 

36. The invention of claim 30, wherein said means for 
directing at least a portion of the diesel engine exhaust 
flow through said filter comprises disposing said filter in 
said diesel engine exhaust gas flow path, whereby exhaust on 
said flow path flows through said filter. 

37. The invention of claim 30, further comprising a rigid 
casing disposed in said diesel engine exhaust flow path, said 
regenerable filter being mounted within said casing. 
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38. The invention of claim 30, wherein said filter is a 
CERAMEM filter. 

39. The invention of claim 30, wherein said pores of said 
filter are sized to trap particles having an aggregate 
particle diameter of 0.5 to 1 -/un. 

40. The invention of claim 30, wherein said filter has a 
filtration efficiency of at least ninety-nine percent. 

41. The invention of claim 30, wherein said diesel exhaust 
gas flow path between said inlet port and said regenerable 
filter has a preselected length selected to allow entrained 
PAH particles sufficient time to cool to below their 
decomposition temperature by the time the particles reach 
said filter along said diesel exhaust gas flow path. 

42. A diesel engine exhaust gas recirculation and filtration 
system for reducing nitrogen oxide (N0 X ) and total 
particulate emissions in diesel exhaust from a diesel engine 
comprising: 

a diesel engine exhaust gas conduit having a diesel 
exhaust inlet port couplable to a diesel engine and a diesel 
exhaust outlet port couplable to ambient; 

a regenerable filter having pores sized to capture 
particles therewithin that are contained in the diesel 
exhaust, said filter disposed in said diesel engine exhaust 
conduit between said diesel exhaust inlet port and said 
diesel exhaust outlet port; 

a recirculation conduit having an upstream inlet coupled 
to said diesel engine exhaust conduit between said filter and 
said outlet port, said recirculation conduit further having 
a downstream outlet coupled to an inlet to the diesel engine, 
a recirculation control valve being further located in said 
recirculation conduit near said upstream inlet; 
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a source of compressed air controllably coupled to said 
diesel engine exhaust gas conduit between said filter and 
said diesel exhaust outlet port; 

a particulate disposal unit coupled to said diesel 
engine exhaust gas conduit between said filter and said inlet 
port; and 

a controller, operatively coupled to said source of 
compressed air and said recirculation control valve in said 
recirculation conduit, operable in a filtration mode for 
coupling diesel exhaust in said diesel exhaust gas conduit 
through said filter and directing a portion of filtered 
exhaust gas to said recirculation conduit and a remainder 
jportion of filtered exhaust gas out said diesel exhaust 
output port, and further operable in a regeneration mode to 
provide at least one pulse of high-pressure air from said 
source of compressed air that flows through said filter in 
a direction that dislodges soot (laden with PAH) and ash 
particles that are lodged within the pores thereof and that 
moves the soot (laden with PAH) and ash particles into said 
disposal unit. 

43. The invention of claim 42, further comprising an air 
inlet valve coupled to said source of compressed air and in 
communication with said controller for gating said air inlet 
valve to provide said at least one pulse. 

44. The invention of claim 43, further comprising an air 
outlet valve coupled downstream of said collection device and 
in communication with said controller for gating said air 
outlet valve synchronously with said air inlet valve to 
provide a flow path for said at least one pulse of high 
pressure and low velocity air through said filter and said 
collection device. 

45. The invention of claim 44, wherein said valves comprise 
solenoid valves. 
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46. The invention of claim 42, further including means for 
insuring that the temperature of said filter is below the 
decomposition temperature of selected unburnt hydrocarbons. 

47. The invention of claim 42, wherein the portion of said 
5 diesel exhaust conduit between said diesel exhaust inlet port 

and said filter has a preselected length selected to allow 
entrained PAH particles sufficient time to cool to below 
their decomposition temperature by the time they reach said 
filter along said diesel exhaust flow path. 

10 48. The invention of claim 42, further including heat 

transfer means mounted along the portion of said diesel 
exhaust conduit defined between said diesel exhaust inlet 
port and said filter. 

49. The invention of claim 42, wherein said filter has a 
15 particulate filtration efficiency of at least ninety-five 

percent. 

50. The invention of claim 42, wherein said filter has a 
particulate filtration efficiency of at least ninety-nine 
percent ♦ 

20 51. The invention of claim 42, wherein said filter is a 

CERAMEM filter. 

52. The invention of claim 42, wherein said pores of said 
filter are sized to trap particles having an aggregate 
particle diameter of 0.5 to 1 j*ro. 



25 



53. The invention of claim 42, wherein said high-pressure 
pulses are selected from a range of pressures of 3.0 to 6.0 
a tin. 
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54. The invention of claim 42 , wherein said low-duty-cycle 
is from one half to one hour. 

55. The invention of claim 42, wherein said recirculation 
control valve is in further communication with said 
controller for gating said control valve to close said 
recirculation conduit during said regeneration mode. 

56. The invention of claim 42 , further comprising a pump 
coupled to said recirculation conduit downstream of said 
recirculation control valve. 

57. The invention of claim 42, further comprising a 
three-way valve coupled between said filter and said source 
of compressed air, said three-way valve operable to direct 
cleaned exhaust gas to said diesel exhaust outlet port during 
said filtration mode and operable to close said diesel 
exhaust outlet port and to direct the air from said source 
of compressed air to said filter during said regeneration 
mode. 

58. The invention of claim 42, wherein said three-way valve 
comprises a flip-flap valve. 

59. The invention of claim 42, further comprising a casing 
rigidly coupled within said diesel engine exhaust gas 
conduit, wherein said filter and said disposal unit are 
rigidly mounted vertically within said casing with said 
disposal unit located below said filter, whereby dislodged 
soot laden with PAH and ash particles are directed into said 
disposal unit. 

60. The invention of claim 42, further comprising a closure 
between said filter and said disposal unit, said closure 
being biassed closed during said filtration mode and openable 
upon pressure exerted by said at least one pulse during said 
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regeneration mode, whereby dislodged soot laden with PAH and 
ash particles are carried through said opened closure into 
said disposal unit, 

61. A diesel engine exhaust gas recirculation and filtration 
5 system for reducing nitrogen oxide (NO x ) and total 

particulate emissions in diesel exhaust from a diesel engine, 
comprising: 

an unfiltered diesel exhaust inlet port; 
an unfiltered diesel exhaust gas flow path defined by 
10 an exhaust gas line coupled between said inlet port and 

ambient; 

a recirculation flow path defined by a return line 
having an upstream inlet located along said unfiltered 
exhaust gas flow path and a downstream outlet couplable to 

15 an inlet to the diesel engine; 

a filter having pores sized to capture particles 
therewithin that are contained within the diesel exhaust; 

a recirculation control valve located in said 
recirculation flow path; 

20 a source of compressed air control lably coupled to said 

recirculation flow path; 

a controller operatively coupled to said source of 
compressed air and said recirculation control valve, said 
controller being operative in a filtration mode for coupling 

25 a part of diesel exhaust along said unfilteried exhaust gas 

flow path through said filter along said recirculation flow 
path and to the engine intake and further operative in a 
regeneration mode for providing at least one pulse of high- 
pressure air that flows through said filter along said 

30 regeneration flow path in a direction that dislodges the soot 

(laden with PAH) and ash particles that are lodged within the 
pores in said filter during operation in said filtration mode 
and that moves the soot (laden with PAH) and ash particles 
into said unfiltered exhaust gas flow path. 
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62. The invention of claim 61, further comprising a valve 
coupled to said air compressor and where said controller is 
in communication with said valve for gating said valve to 
provide said at least one pulse, 

5 63. The invention of claim 62, further comprising a pump 

located in said recirculation flow path downstream of said 
recirculation control valve. 

64. The invention of claim 61, wherein said filter is 
located sufficiently close to said unfiltered exhaust gas 

!0 flow path to allow substantially all of the dislodged soot 

(laden with PAH) and ash to be moved into said unfiltered 
exhaust gas flow path by said at least one pulse of 
high-pressure air. 

65. The invention of claim 60, further including means for 
15 ensuring that the temperature of said filter is below the 

decomposition temperature of selected unburnt hydrocarbons. 

66. The invention of claim 65 , wherein said filter is 
located sufficiently distant from said unfiltered diesel 
exhaust inlet port to allow entrained PAH particles 

20 sufficient time to cool to below their decomposition 

temperature by the time they reach said filter along said 
unfiltered exhaust gas flow path. 

67. The invention of claim 65, wherein said ensuring means 
includes heat transfer means mounted along the portion of 

25 said unfiltered exhaust gas flow path and the portion of said 

recirculation flow path between the unfiltered diesel exhaust 
inlet port and said filter. 

68. The invention of claim 60, wherein said filter has a 
filtration efficiency of at least ninety-five percent. 
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69. The invention of claim 60 , wherein said filter has a 
filtration efficiency of at least ninety-nine percent. 

70. The invention of claim 60, wherein said filter is a 
CERAMEM filter. 

71. The invention of claim 60, wherein said pores of said 
filter are sized to trap particles having an aggregate 
particle diameter of 0.5 to 1 jim. 

72. The invention of claim 60, wherein said high-pressure 
pulses are selected from a range of pressures of 3.0 to 6.0 
atra. 

73. The invention of claim 60, wherein said low-duty-cycle 
is from one half to one hour. 
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AMENDED CLAIMS 

[received by the International Bureau on 17 November 1994 (17.11.94); 
original claims 30-73 cancelled; remaining claims unchanged (1 page)] 

26. The invention of claim 1, further comprising a three-way 
valve coupled between said particulate trap and said source 
of compressed air , said three-way valve operable to direct 
cleaned exhaust gas to said diesel exhaust outlet port during 
said filtration mode and operable to close said diesel 
exhaust outlet port and to direct the air from said source 
of compressed air to said particulate trap during said 
regeneration mode. 

27. The invention of claim 1, wherein said three-way valve 
comprises a flip-flap valve. 

28. The invention of claim 1, wherein said burner comprises 
an electric burner. 

29. The invention of claim 1, wherein said controller is in 
communication with said burner and operable to activate said 
burner for a predetermined period of time. 
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